these changes on body composition, it is vital to assess whether VLEDs have negative effects 48 that could ultimately increase the risk of conditions such as diabetes, cardiovascular disease, 49 sarcopenia and osteoporosis. This question is of particular importance given that individuals may 50 use VLEDs for several months at a time repeatedly over many years in order to manage their 51 weight.
53
The overall aim of this project is to compare the consequences of weight loss via VLED 54 versus less severe energy restriction on the strength of adaptive responses to energy 55 restriction, as well as effects on adiposity (particularly central adiposity and hepatic fat), 56 lean body mass, muscle size, muscle strength and bone mass for up to 3 years. 57 58 To this end, healthy obese postmenopausal women will be randomized to one of two weight loss 59 interventions; one consisting of at least 12 months of lifestyle management with moderate energy 60 restriction (~500 kcal deficit per day, 'conventional diet'), and the other consisting of 3-5 months 61 on a VLED followed by conventional diet or partial meal replacement for a total of at least 12 62 months. 63 64 many patients favour such ongoing usage. Two to three months on VLED is known to induce 133 endocrine changes that have been shown in turn to adversely affect fat distribution, muscle 134 function or bone density within 3 months as outlined above, and so using VLED for up to 5 135 months will be sufficient to reveal any effects on body composition, if present. The conventional 136 diet is a lifestyle management program consisting of moderate kilojoule restriction (~500 kcal 137 deficit per day) that has also been used extensively at the Metabolism & Obesity Services and 138 published by Professor Ian Caterson 51 . Participants in both interventions will be advised to use 139 pedometers and, after determination of baseline daily step counts, will be encouraged to 140 gradually increase their physical activity in increments of 15 minutes per day of moderate 141 physical activity such as walking (~1,500 steps per day).
143
Sample size. Our sample size of 100 women (50 on each diet) was selected based on the 144 following power calculations and allowing for up to 20% attrition as we have seen in our 145 previously published weight loss interventions 50, [52] [53] [54] [55] . Most stringently, even if there is only a 5% 146 difference between groups infor examplefat free mass at any time point, we have the 147 statistical power to detect it. Indeed, to detect a 5% difference in fat free mass (e.g. 50.3 versus 148 53.0 kg, and assuming a variance of 5 kg), the effect size is 0.52, so at 90% power and P<0.05, it 149 is necessary to study 39 women per group (50 -50 x 20% attrition = 40 very large (>1.1), indicating that a sample of only 5 per group will provide 90% power to detect 164 differences between the diets at P<0.05. At later time points, differences between diets with 165 respect to body weight and parameters of body composition such as fat free mass will be smaller, 166 but as described at the start of this section our sample of 50 participants on each diet provides 167 sufficient power to detect this. We have access to gold-standard techniques to measure each of 168 the outcome variables in this project 50,52-55 , thereby minimizing variability and further 169 contributing to our power to detect clinically meaningful differences between diets. matching and standardization of results, at each of these time points we will also measure weight,
201
waist circumference, as well as fat mass and fat free mass using the 4-compartment model 202 (without DXA) as described below and as previously published by Professor Nuala Byrne 52,57,58 .
203
Past experience from thousands of patients shows that weight losses after 0.25, 1 and 3 months 204 on the VLED are similar to those induced by 1, 3 and 6-12 months on the conventional diet, 205 respectively. In addition to matching for the degree of weight or fat loss, groups will also be 206 compared at the same time points. A second reason for measuring these parameters at 6 time 207 points is to determine the time of onset of various adaptive responses to weight loss, which will 208 then be used to improve obesity interventions. For instance, we know that 2-3 months on a Physical activity. Intensity and duration of daily physical activity will be measured using the 232 Actigraph triaxial accelerometer worn on the waistband or on a belt. Accelerometry data will be 233 collected during waking hours in the 7 days preceding each time point as previously described by 234 Professor Nuala Byrne. Descriptive data will also be recorded in an activity diary, which will 235 enable understanding of reasons for taking off the accelerometer (e.g. to swim or to sleep).
236
Although all subjects will have the same standardized prescription to encourage physical 237 activity, accelerometry and activity diary data combined with information from questionnaires 238 (below) will provide insight as to possible effects of VLED or conventional diet on time spent 239 exercising, in non-exercise activities or inactivity, and subjective measures of sleepiness.
241
Resting metabolic rate will be measured in the fasted state via indirect calorimetry using the 242 Amanda Sainsbury-Salis. All data analyses will be performed using the SPSS statistical software Rationale. While there is strong evidence that VLEDs lead to adaptations that can have 316 deleterious effects on body composition, and limited evidence that such adaptations may be 317 stronger during VLED than conventional diets, no long-term randomised controlled trials have facilities and equipment available to us as well as our expertise in the analysis of such data as 330 described below will enable us to obtain definitive answers as to the effects of VLED versus 331 conventional diet on body composition. In addition, we will also perform non-invasive tests of 332 vascular health at 0, 3, 6, and 36 months after commencement of either diet, using methodology 333 established by Dr Michael Skilton, in order to assess any differences between the two diets with 334 respect to changes in cardiovascular risk. It is necessary to measure these parameters at multiple 335 time points; whereas the diets will likely have differential beneficial or adverse effects on body 336 composition after 3, 6 or 12 months, a question of vital relevance to long-term structural and 337 metabolic health is whether any such differences are sustained for up to 24 and 36 months after 338 commencement of either diet. is detected, posthoc analyses will subsequently be used to identify the time points that differ. 
